Several studies have shown that extensive training with synthetic speech sounds can result in substantial improvements in listeners' perception of intraphonemic differences. The purpose of the present study was to investigate the effects of listening experience on the perception of intraphonemic differences in the absence of specific training with the synthetic speech sounds being tested. Phonetically trained listeners, musicians, and untrained listeners were tested on a two-choice identification task, a three-choice identification task, and an ABX discrimination task using a synthetic 
INTRODUCTION
The categorical perception phenomenon has been a focus of phonetic perception research since the first published reports of this kind of experiment at Haskins Laboratories more than three decades ago. The basic idea behind this phenomenon is that, for certain kinds of speech-sound continua, there is a very strong relationship between the ability to discriminate stimuli and the way that stimuli along that continuum are labeled. Given an appropriate set of stimuli that are spaced evenly in physical terms, listeners are much better at discriminating stimulus pairs that are drawn from different phonetic categories than pairs that are drawn from the same phonetic category (Liberman et Repp, 1984; and Harned, 1987 , for general reviews of this literature). This kind of performance for stops and many other consonant categories is in contrast to the "continuous" perception that is seen for vowels and most nonspeech continua (e.g., Fry et al., 1962; Eimas, 1963 The primary contention of the series of experiments by Lane and his colleagues was that the categorical perception phenomenon was not specific to speech and could be obtained simply by training subjects in the use of category labels. Cross et al. (1965) trained subjects to use category labels in response to a visual continuum consisting of sectored circles. Subjects were able to use the category labels consistently, and a subsequent ABX discrimination task showed a peak corresponding to the labeling boundary. In a related study, Lane (1965) tested subjects on a nonspeech analog of a voicing continuum. Prior to identification training with the nonspeech analogs, ABX discrimination func- Evidence for the effectiveness of techniques designed to attenuate categorical perception effects through discrimination training seems to be more clear. Hanson (1977) reported a large increase in within-category discrimination performance as a result of instructing subjects to attend carefully to small differences between stimuli and providing feedback throughout a same--different reaction-time task. A report by Repp (1975) suggests that it was primarily the feedback that was responsible for the increase in performance. Repp's listeners were given the same instructions and task but without feedback, and showed no improvement in within-category performance. Strange (1972) reported only a small improvement in performance after extensive discrimination training with feedback. Repp (1984) and Carney et aL (1977) attributed the relatively modest performance improvement in Strange's study to the high stimulus uncertainty of the oddity task that was used. In support of this contention, Repp cites the excellent within-category performance reported by Sachs and Grant (1976) and Ganong (1977) , who provided feedback to subjects and reduced stimulus uncertainty by presenting same-different trials in blocks that contrasted only two stimuli.
The most complete set of data regarding the effects of training on the perception ofintraphonemic differences consists of a series of experiments conducted at the University of Minnesota. Carney et al. (1977) tested subjects both before and after extensive discrimination training using a fixedstandard, same-different procedure and an oddity paradigm. The results for both procedures showed large improvements in within-category performance following training. Follow-up studies showed that training on a Carney et al. also showed that providing appropriate feedback to subjects allowed listeners to assign category labels to arbitrary subsets of the stimuli. Similarly, Pisoni et al. (1982) showed that native speakers of American English were able to divide a --70 to + 70-ms voice-onset time (VOT) continuum into categories corresponding to lead, short-lag, and long-lag stops after simply listening to examples of the three categories.
The Minnesota studies all involved extensive periods of discrimination training. Repp ( 1981 ) reported the results of a successful training study using frieative-vowel syllables that involved a simple and relatively brief training session. The 25-min training session consisted of presenting subjects with pairs of isolated fricative noises followed by the same pair of noises in vocalic context. The results showed a very substantial improvement in performance for fricative-vowel syllables following this brief training period.
Taken as a whole, the results of these training studies suggest that subjects can show substantial improvement in their ability to perceive intraphonemic differences given the appropriate combination of training, instructions, and psychophysical procedure. Training can improve a subject's ability to discriminate within-category distinctions and can serve to modify a subject's labeling behavior. The purpose of the present Study was to determine whether listeners with extensive experience in phonetics and music are better able to perceive intraphonemic differences than inexperienced listeners in the absence of specific identification or discrimination training on the synthetic speech sounds being tested. Our primary interest was to examine the effects of general training in phonetics on the perception of intraphonemic differences. Data from the musicians were included to determine whether any performance advantage for the phoneticians might be specific either to speech or to the kinds of listening tasks engaged in by phoneticians• Some limited information is available on the perception of intraphonemic differences by musicians and nonmusicians. In a study that is described only briefly, Chandler and Strange (1984) A secondary purpose of the present study was to determine whether any performance advantage that might be attributable to phonetics training is due to long-term training or, alternatively, whether these skills might be acquired as a result of relatively short-term phonetics training. For this reason, a group of undergraduates who had enrolled in a 10-week introductory phonetics course was selected to serve as the untrained listener group. This provided the opportunity to compare the performance of these subjects both before and after general training in phonetics.
I. METHODS

A. Subjects • Phonetically trained listeners
Listeners in the phonetically trained group were 12 subjects with a minimum of five years of experience in speech science or clinical speech pathology. Four subjects (including the first author) were researchers in speech science/experimental phonetics, four subjects were highly experienced master's-level speech pathologists, and four subjects were Northwestern University doctoral students in speech pathology. The speech researchers had 5-11 years of postdoctoral experience and were originally trained in experimental psychology, linguistics, or speech and hearing science. The speech pathologists h•d 5-20 years of experience in clinical work and clinical supervision. The doctoral students all had master's degrees in speech pathology, and two of the four had worked in a clinical setting prior to entering the doctoral program. One of the subjects (JH) had extensive experience with synthetic speech, and two other subjects had previously served as listeners in a small number of experiments involving synthetic speech. The remainder of thesubjects had little or no experience with synthetic speech.
Musically trained Ii•tenera
A questionnaire was used to select a group of 15 highly experienced musicians who were musical instructors, professional performers, or graduate students in the Northwestern University School of Music. All of the subjects had begun formal musical training before age 12, and all judged their proficiency to be excellent in at least one instrument. In most cases subjects judged their proficiency to be either good or excellent in two or more instruments. Subjects reported 12-33 years of experience with what they considered to be their primary instrument, and in every case reported at least eight years of experience with a second instrument. Two subjects considered themselves to be primarily vocalists, although both reported extensive instrumental training as well. None ofthe subjects had received training in phonetics, and none was experienced with synthetic speech.
$. Inexperienced listeners
The inexperienced listeners were 15 Northwestern University undergraduates who had enrolled in a 10-week introductory course in phonetic theory and phonetic transcription. These subjects were tested both before and after the course. The phonetics course consisted of 30 h of lectures in articulatory and acoustic phonetics and 15 h of laboratory practice in phonetic transcription. The first seven h of laboratory practice emphasized broad phonetalc transcription and the remaining eight h focused on narrow phonetic transcription, including the use of discritics to mark features such as vowel length, vowel nasalization, and aspiration. None of the subjects in this group considered themselves to be experienced musicians, although approximately half of the listeners had received some form of musical training as recently as early high school. The identification tasks consisted of ten randomly ordered presentations of the nine stimuli on each continuum. For the two-choice task, subjects indicated whether the stimulus sounded like %" or "p" (or "w" vs "r") by pressing the You will be hearing the same set of sounds that you were just tested on (in a different order), but this time you will be using three rather than two buttons. Your job is to press button No. 
III. DISCRIMINATION RESULTS
One possible interpretation of the three-choice identification results is that phonetically trained listeners are more sensitive to intraphonemic differences than listeners without training in phonetics. However, it is also possible that the effect is related primarily to criterion differences between phonetically trained listeners and the other subjects. The ABX discrimination tests were designed to determine whether the groups differed in their sensitivity to small stimulus differences along the two continua.
Discrimination results for the three groups are shown in 
IV. EFFECTS OF PHONETICS TRAINING
The performance of subjects before and after participation in a 10-week introductory phonetics course is shown in Fig. 4 (three- The main finding of this study is that phonetically trained listeners were better than either musicians or inexperienced listeners at identifying speech sounds whose stimulus values were intermediate between two phonetic categories. The important point to be made about this result is that the performance advantage for the phonetically trained listeners was obtained in the absence of specific training with the stimuli. The same pattern of performance differences among the groups was seen for an ABX discrimination task, suggesting that the group effect was not limited to any differences that might have existed in decision criteria. It is important to note, however, that the two groups of listeners without phonetics training showed some ability to identify ambiguous stimuli. This finding suggests that the effect of long-term phonetics training was to enhance an ability that was already present in these subjects. In fact, as was noted previously, the three-choice labeling performance of some of the individual listeners in the nonphonetically trained groups was indistinguishable from that of the phonetically trained listeners.
Comparison of the performance of the inexperienced listeners before and after participation in an introductory phonetics course showed no improvement in either the absolute identification of ambiguous stimuli or the ability to discriminate stimuli. This finding indicates quite clearly that the grained phonetic distinctions that represent acoustic variations within a phonetic category.
The results from the musically trained listeners suggest that the performance advantage that was seen for the phonetically trained listeners is not related to any general auditory ability that might be common to musicians and phoneticlans. In other words, in the absence of data from the musicians, it might have been argued that the phoneticians were simply more attentive listeners, or that they had developed a more-or-less general-purpose analytical listening ability. It seems a safe assumption, however, that highly trained musicians have learned to listen attentively to sound and have had extensive experience in making critical judgments about complex acoustic signals. The failure to find any difference between the musicians and the untrained listeners suggests that the performance of the phonetically trained listeners can be attributed either to: ( 1 ) specific experience with speech sounds or (2) general experience with the kinds of absolute labeling tasks that are associated with phonetic transcription.
